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"Objecti ve,I
Phase III, which is covered in this report, was to
carry out the detailed risearch and test program
developed in Phase I, using equipment developed and
standardized in Phase Ii.
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summary

Twenty-foir 'eparate tests were carried out in acc•)rd-
ance with data outlined In PMise I as follouW:

Test No. 1 was conducted to determine the rate of cor-
roslon of steel panels in various locations In the
salt spray cabinet.

Test No. 2 was a repeat te!t on the corrodibility at
various locations.

Test No. 3 was made to determine bth6 effect of nozzle
pressure on tire rate of corrosion.

Test No, 4 was made to dot u rmne the rate of fog. col-
lection at vari,-)us lo~adons in the salt spray cabinet.

Test No. 5 was made "at 9*P5, 21)' sodium chloride solution,
using steel panels only, to determine trie effect of test
location.

Test No. 6 was a 200-howr salt spray toaL run under the
following conditions: 20Q sodium chloride solution,
pH 7.0, temperature 1000 F.

Test No. 7 was run under the following conditions:
207 sodium cnloride solution, pH 7.0, temperatuxe .05F.

Test No. 8 was run under the following conditions:
20ý sodi chloride solution, pH 7.0, ter:perature 70 0 F.

Test No. 9 was run under the following conditions:
205 sodium chloride solution, pH 7.0, temperature 90*F.

Test No. 10 was run under the following conditions-
l&- sodIi- chloride solution, pH 7.0, temperature 950 w.

Test No. 11 was run under the following conditions:
5% sodium chloride solution, pH 7.0, temperature .5PF.

Test No. 12 was run under the following conditions:
5;i sodium chloride solution, pH 7.0, temperature 70*?.

Test No. 13 was run under the following oonditions:
206 sodium chloride solution, pH 6.', temperature 950P.

Test No. 14 was run under the following conditions:
20,T sodium chloride solution, pH 8.0, temperature 950F.
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Summary Cont'd

Test No. 15 was run wnder the followin- conditions:
subst1tute ocean water, pH C3.9, temperature 950 F.

Test No. 16 was riun under the following conditions:
•?ý?sodiu chloride solution containing 0.1+• sodium
iodide, QH 7.0, ternperltLire 9!i*P.

Test No. 17 was run under the following conditions:
20.. sodim ohloride solution, pH 7.0, temperature 958F,
with the particla size of the fo- reduced from 0.5 micron
(used in all other tests) to 0.1 micron.

Test No. 18 was mm under the following conditions:
distilled water, pil 7.0,, temperature 95°F.

Test No. 19 was a repeat test using 20% sodium chloride
solution,77H 7.0, teripeavture 9h 0 F.

Test No. 20 was made to determine the effect of corrodi-
billoy' Ty-varying the anje of the specimens tected.

Teat N5o. 21 was made to tetcrmine the effect of lowering
the surf ;- tension of the 2G0 sodium chloride solution
by the addition of 0.1;:, kerosol OT when run at pH 7.0
and 950F.

Test No. 22 was an outdoor exposure test conducted on
Long Island Sound wIthin 150 feet of high water.

Test No. 23 was an outdoor exposure4 test conducted on the
roof of tae laboratory building.

Test No. 24 was a humidity cabinet test, using a relative
humidity of 951 at 100"F.

Ai statistical study has- been made of the results obtained
and Is given in the kppendix of each test.

I:, -1-.tq, n U it h 04 r U.In *it h 4 I4tI l..



TEST NO. 1

ObJect

The object of this test is to compare the corrosion
rate of test specimens at the various locatlons within the
salt spray cabinet.

Tasts nave been conducted to determino if steel
panels will corrode at a more rapid rate due to their partic-
ular location in the salt spray test cabinet. This is a
necessary preliminary step before the rate of corrosion of
different metals can be measured with sufficient accuracy.

Introduc tion

The purpose of this phase of the investigation was
to locate any hot-rpots" in the salt spray caoinet. "Hot-spots"
in tnis case designate tnose areas where, due to their relative
location in the cabinet with respect to the atomizer or for
any other reason, panels of like material will corrode more
rapidly than panels in another lozation.

Procedure

Thirty-six low-carbon, steel panels, measuring
2" x 3" were abraded on both sides using 240 grit cloth and
an oscillating electric sander. The panels were numbered con-
secutively with stamped numerals and were cleaned In acetone,
followed by AX-1 cleaner solution at lO6F and a hot water
rinse. The panels were then free from "water break." After
drying in a forced air oven at 110C, they were desiccated
over calcium chloride, cooled to room temperature and weighed
to the nearest tenth of a milligram. Each panel was placed
in an Individual paraffined wooden rack so slotted as to
incline the panels at approximately 150 from the vertical.
These holders and panels were arranged on a large wooden rack
in the salt spray cabinet in nine rows of four each according
to a previously determined random distrioution of 36. All
wood parts had been previously coated with paraffin.

The atomizing nozzle was directed away from the
panels and against the side wall of the box so that any spray
falling on the panels nad been previously reflectod from the
wall. This was done to provide a more even distribution of
fog in the cabinet. Distilled water was used to generate the
fog, and the temperature of the box was maintained at QB*F.
A, summary of the additional operating conditions is shown in
Appendix A. After periods of 24 hours, corresponding to the
let, 2nd, 3rd, 4tn, 5th and 8th day, the panels were removed



from the box and were scrubbed thoroughly under running water
with a stiff nylon hand brush. The panels were then dried at
1000C, desiccated and weighed as before. The individual
weights and times of exrosure are also snown in Appendix A.
The position of tre individual panels in the box ic shown in
Appendix B. From the data compiled, the average weight loss,
the standard deviation and the control limits were computed,
and also appear in Appendix A.

A grouped frequency distribution chart, a control
line chart, a plot showing the amount of corrosion with re-
spect to position in the box and a graph correlating tne per-
centage of tne total amount corroded with the day, were also
constructed and are shown in Appendix C.

Discussion

The grouped frequency distribution chart in Appendix
C indicates that the valu.es of the Individual weight losses
group themselves around the average in a normal ianr.ner and
in accordance with the conventional "bell-shaped" distribution
curve .

The control chsrt method of analysis provides a
criterion for detecting lack of statistical control of quality
and is used for determining when observed variations in quality
are greater than should be left to chance. The control limits
used are plus ana minup .hree times tae atendard deviation an
suggested bý the ASTM as a criterion for actfon to look for
assignable curves of variation. This chart shows that the
results generally fall within the control limits and are fairly
evenly distributed between them. Since, however, certain
values are outside the limits, it is indicated that there Is
a variation in results that cannot be attributed solely to
chance.

The plot depicting the amount of corrosion (weight
loss) with respect to the position in the salt spray cabinet
shows that there is a tendency toward a greater amount of cor-
rosion in the side of the box nearer the exhaust and a smaller
amount of corrosion nearer tne nozzle and along the front of
the box. It is interesting to note that the two panels show-
Ing the least amount of corrosion were tnose on the two
corners nearest the nozzle.

The graph correlating the percentage of the total
amount corroded with the day shows that the corrosion rate
was not constant but rose gradually to a maximum on the tnird
day and then decreased to a minimum on the eighth day.



Conclusi ons

There is a definite gradation of the rate of corro-
sion with the greatest amount of corroslcn occurring In those
areas farthest removed from the nozzle and tWe plate glass
window in the front of the caotnet.

Note: The A-1 cleaner mentioned above Is made in accordance
%I W Springfield Armory Tentative Lanoratory Specification
LS-b, dated March 23, 1950. The suggested composition of
tnils alkali cleaner is as follows:

Sodium Carbonate, Soda Ash, Anhydrous 32.8%
Fed. Spec. 0-S-571

TrIsodium Phosphate, Tech. 47.2*

Fed. Spec. 0-S-671

Non Ionic SurfAce Active Agent 5.2%

Anionic Surface Active Agent 14.8%
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TEST NO 2

Object

The object of this test is to compare the corrosion
rate of test specimens at the various locations within the
salt spray cabinet.

Summary

Test No. 2 is a repeat oi :(un 41 and was for the
purpose of checking the results obtained in Run #1. The
operating conditions and procedures followed were the same as
those of Run #1 w1th the following changes:

I. The panels were observed on the 1st, 2nd,
3rd, 7th and 8th days.

2. The average air pressure was lower than In
Run #1.

Discussion

The group frequency distribution for Test No. 2
shows a much greater spread in the range of weight losses and,
although the distribution is more irregular than in Run #1,
the tendency toward an oven distribution around the average
value persists.

Due to the larger range of values, the standard

deviation and consequently the control limits are larger, and
all of the values fall within these limits.

The plot depicting the amount of corrosion (weight
loss) with respect to the position in the salt spray cabinet
shows approxtmately the same-distribution pattern as was pre-

viously obtained.

The chart correlating the amount of corrosion with
the day shows a maximum weight loss on the second day as com-
pared with a maximum on the third day, obtained in Run #1.

Conclusion

The results obtained in this test fall into the
general pattern of those obtained in Run #1. The same uneven-
ness in the rate of corrosion exists and the greatest weight
losses occurred in the 4ame section of the box*
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TEST NO. 3

Object

The object of this test is to compare the corrosion
rate of test specimens at the various locations within the
salt spray cabineto

Summary

Test No. 3 represents an effort to determine the
effect of a lower atomizing nozzle pressure on the rate of
corrosion in the salt spray cabinet.

Introduction

The nozzle pressure directly controls the rate at
which the solution is atomized and, therefore, should bg an
important determining factor on the ratie of corrosion. Lower-
ing the pressure should make ;a change in the rate of corrosion
aznd possibly in the pattern of the distribution of the rate
of the corrosion within the box.

Procedure

The procedure was the same as previously obtained
except that the nozzle pressure was lowered to a value be-
tween 4 and 6.5 psi. The panels were observed on the lt,
4th, 5th, 6th, 7th and Pth days.

Discussion

The grouped frequency distribution for Run #3 shows
a closer grouping of values than was obtained in Run #2 and
differs from Runs #1 and #2 in that it shows a definite skew-
ness that had not been ocserved before.

The control line chart shows a smaller overall varia-
tion in values and an average that is lower than ttose pre-
viously obtained.

The weight loss distribution presents an entirely
different pattern than those ootained in Runs #1 and #2. The
areas of maximum corrosion do not seem to group themselves
in any particular section of the box although the general
area of the maximum corrosion rate is the middle third of the
test area. The maximum weight loss occurred on the first
day.

Concljsions

Lowering the air pressure has a definite effect on
the corrosion rate, and its correlation with the fog distri-
bution pattern should be investigated.
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JEST WO. 4

FOG DENSITY OBSDRVATIONS

Object

The object of tnis test is t6 determine the uni-
formity of fog densities at the various locations within the
salt spray cabinet, the relationship between these fog
densities and the rates of corrosion of the specimens, and
to attempt an improvement in fog distribution.

Summary

Tests have been conducted to determine the rate
of fog collection at the various locations within the salt
spray cabinet and compared with the corrosion rates of the
steel panels used in Tests Nos. 1, 2 and 3, and variations
made in positions of the nozzle to attempt an improvement in
fog distrioution.

Introduction

The purpose of this phase of the investigation Is
to determine the relationship of the fog densities at various
locations within the salt spray cabinet to the weight losses
of the steel panels used in Tests Nos. 1, 2 and 5.

Procedure

Run 1 - Thirty-six, 600-millillter beakers, which
had previou'sy been cleaned and dried, and weighed, were
placed on a large wooden paraffined rack in the salt spray
cabinet in the positions previously occupied by the steel
specimens. The atomising nozzle was directed away from the
panels and against an end wall of the box so that any spray
falling into the beakers had been reflected from the wall.

This was to provide a more even distribution of the fog in
the cabinet and to duplicate the conditions of Test No. 1.
Tap water was used to generate the fog, and the temperature
was maintained at 950F. The air pressure was the same as
that in Test No. 1. At the end of 23.4 hours, the beakers
were removed from the cabinet, dried on the outside and
weighed to the nearest tenth of a gram. From the data com-
piled, the percentage* of fog collections were computed and
appear in Appendix A, while plots of the densities appear in
Appendix B.

Run 2 - A repeat run on the above was performed,
and these results also appear in Appendixes A and B.



Run 3 - In an attempt to provide a more even dis-
tribution _oT7g, the beakers were placed in the cabinet as
before and two nozzles, arranged at equal distances from
either end of the cabinet, directed the sprays at the end
walls. The temperature was maintained at 950F, and the
pressure the same as before. At the end of 23.4 hours, the
beakers were removed and weighed as before. From the data
compiled, the percentages of fog collections were computed
and appear in Appendix A.

Run 4 - A repeat of Run 3 was performed, and these
results als ppear in Appendixes A and B.

Run 5 - Again attempting to obtain a more even
distribution of fog, the rack in the salt spray cabinet was
raised 24 inches from the bottom of the cabinet and the
beakers placed as before. N single nozzle was plAced in the
center pointing vertically downward, with the spray directed
at a low cone-shaped glass piece 14 inches in diameter for
the purpose of directing the spray up and around the rack
above the nozzle. At the end of six hours, the beakers were
removed and weighed as before. The results appear in
Ap:_endixes A and B.

Run 6 - For this tast, forty 600-milliliter beakers
were used. a wooden rack was removed from the cabinet and
the beakers were placed in two groups of twenty (four rows of
five beakers) at either end of the box. The nozzle was set
in the center of the box with the spray directed vertically
downward into a 14-inch circular section battery Jar. At
the end of six hours, the beakers were removed and dried, and
weighed, as before. The results of this run appear in
Appendixes A and B.

Run 7 - This run was a repeat of Run 6, except that
the cover was raised one inch. The results of this run ap-

,pear in Appendixes A and B.

Run 8 - This run was performed in the same manner
as Run 1, except for 40 hours duration, with all the conditions
similar with the exception of the air pressure which was
lowered to 5 lbs. per square inch. The results of this
run appear in Appendixes A and B.

Run 9 - This run was performed in a commercial salt
spray cabinet manufactured by the Industrial Filter and Pump
Manufacturing Co. (Serial S-1540, Type CA l, 37-1/2 inches
long, 21j-1/2 inches wide and 48 Inches from the bottom of the
box to the apex). Thirty-five 600-milliliter beakers were
placed on a wooden rack in the box at the level of the trough,



and the box run for eight hours. The beakers were then
removed from the box and weighed. The results appear in
Appendixes A and B.

Run 10 - This was a repeat on Run 9, with the
exception otTe number of beakers used which was forty.
The run was for a period of 48 hours at which time the
beakers were removed and weo1ghed. The results appear in
Appendixes A and B.

Discussion and Conclusions

Examination of the d8ta and charts covering
these runs shows that only slight gains are made in the

uniformity of distribution )f fog by changinW nozzle posi-
tions. The fog distribution is apparently closely tied up
wLth the position of the riozzle in relation to the outlet
rather than the nozzle alone.

Good correlation of the test is apparent by the
distribution of fog nioted In Runs 1 and 2. Comparison of
these results with the fo1 d1stribution at lower pressure,
as shown in Run 8, shows that the rare of travel of the
fop across the cabinet bears some relation with the fog
distributi on.

Comparison of the corrosion rates of Tests Nos.
1, 2 and 3 with the fog densities of Runs 1, 2 and 8 shows
that the corrosion rate vqries inversely with the fog
density. A more important relationship will be developed
when these results are comoared with runs using salt spray.
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~u-br of e rI~*~a. hr.

I i•2.3 1.3
2 30.) 1.32 92.7

3 23 .3150 S3.*7

4 24.1 1.03 68.3

5 21 . . )/6 59.3

f 21.7 .990 60.2

7 30.3 1.32 9103

8 1C.6 .710 42.3

9 .%4 .700 41 0.5

10 10o3 .460 22.0
Xl 1Q.3 .450 21.1

12 14., .620
13 14.2 .*IO 34.1

14 1 .,,CB0 39,3
15 31o3 1 .37 97.6

16 20,1 .860 C4.

17 9.10 .3o0 1.3

13 19.46 .840 ;2.8

19 11.4 .490 24.4

20 11.2 .6ý0 37.4

22 1 ,•6 .430 21.*

23 U.1 1.42 I100

24 13.0 0,60 30.1

25 9o30 .420 18.7

26 24.6 1.23 84.6
27 fl. 10 ,3'/O 14*,!

28 19.9 .190 53.7

29 4.40 .190 0

30 15.9 .5,80 39.8

31 17.1 ,730 43.9

32 12.5 .'40 28.5

33 14.J .600 33o3

34 20.2 .860 .5.53

35 15.2 *570 30.9

36 11.5 .;10 26.0

CTNDITT3NS0-1 MET

Dolution Dist. Rate of Sett•ing 2 x 10

Compoeitton (m-.ec.) Av.

Dry Bulb 990 Air Prea.:re 15°ep( F.) ( v,,./in.)

Wet Bulb 990 Air e'emperauure 950

Temp.(
0 F.) (OF.)

Relative l0o0 Rat.e of Flow .15

HumIdity ( )

-article Size .3 PI1 of Solution 6.0

(microns) and Fog



DATrAW 1T~4 u,
L-o1,er of Bealcer VIs. Collected 

Mlu./ hr.
1 

21.9 1000 100.0
3 I.D ..780 36.14 1. 0900 87.85 21.6 .980 98.4
5 12.2 .550 4C.1
6 20.4 550 917 21.2 .930 91059 11.2 •510 40.69 16.6 .750 70.610 8.10 .30 2.3.211 8.90 .400 27.812 9.30 .420 30.013 7 .42 sol14 

*70 .5;0 21,021, 8.0 .400 27.2
16 24.0 ,910 •,16 19,5 .•90 86.717 14.20 .390 23.9
13 1 8 .3 .3 30 2 9
19 13.G 490 65.420 .62.021 ,91 720 6-ý ,)22 10,3 ,330 ý9.323 1 0,8 C .4.40 37.8
24 13, , ý 850 61.725 13.3 .620 53,7258.50 

,3•0 24.426 21.6 .240
27 8.?0 )7*629 .400 2 ,
2q 20.4 9 026.3

2 ,4.930 
91.530 

i )0 •180 030 
1i.�J 1.10 

76.832 1113 .560 46.3$3 
11.1 .900 39.034 
13.2 .600 51.2

35 8.70 * (00 63.4
36 

V. .400 26.8
3 .0 

.3 20 20.7

CO"•[Ti'rJ.•S OF ['.•v.c
Solution i is t. HO
Compolution 

2 Rate of Settling 2 x 10-4

Dry !it 1b 990 MAi A5
ep( F.) 

Air Pressue
( 1bs./n. )Net Bulb 920MP(O F.) 
Rat*eof ?I 15F(-. /-in.)

Relative 1O0•,gHumidity 
Air remperature 950(0 F.)

Particle 6tze g(aicrona) 
PH of Soouý'on 6.0
( oand Pog



DATA )N FE T 11 4, 1('N TT

iwumber of 'ealer mit. Collected %fls.ihr.

1 8.30 .3 4 62.7

2 7.Q0 .334 59.7

3 ./00 .030 2.40

4 5.30 .226 38.9
5 :; -,0 ,.248 42.3

6 1.20 .0151 6.35

7 6.10 .211" 45o2
3 ] ,60 .068 9.50

9 .400 .017 0
10 2.40 .102 13.9

11 1 .60 .068 9.50

12 1.'0 .056 7,10

13 3.20 .137 22.2

14 4.00 .171 33 .6
15 13.0 .556 100.0
16 .300 .034 3.20

17 1.20 .051 6.30

15 1.50 .056 7.10
19 10 2J .051 6.30
20 .)00 .033 4.00

21 4.40 .183 31e7

22 1.10 .047 5.60

23 9.60 .410 73.0

24 .jo00 .038 4.00

25 1.60 .068 90 d0

2.• 6 F.0 .235 40.5
27 1.10 .047 1.b0

23 3.10 .132 21.4
.9U0 .034 3120

30 1.90 .064 1.70
31 2.70 .115 15.3
32 .500 .021 1 qO0

33 .800 .034 3.20

34 4.40 .188 31.7

35 1,00 .043 4.,0

36 2.bo .111 1.45

C.)NtTrTOS OF T"2T

2 0-4
Solution Dist*. 2 0 A Rate of tettling 2 x 10

Composirt n (1n*./see.)

Dry Bulb 99 Air roessVre 15

Tep.(O F.) (lbA./in. )

S990 Air remperature 950X et 3u~ b 99(o .
rrnp.( F.)

Relative 100% Rabe of 'low .15
Hmidit(rt, 3/,10.)

Particle S3iZ* .3 pH of Solution 6.0

(miorona) and Fog



I1'A j 'vT 74' 4 LtU TV

,wnber of0 ie-r 's. Collected ihll./ hr.

1 I.SO 1.25 100.0
2 4.20 .700 53.53 2.30 .383 40.8
4 .40 .900 70.45 'p.20 .533 59.46 -.50 .383 26.7
7 1.20 .700 13 * 5

1 01SO0.2-0 15.4
'.40 ,400 23,110 1060 ,207 16.9

1l '.20 .369 25.312 i.20 ,e88 25.313 1.43 .400 28.1
14 1 0:-0 #9F0 15,4
15 3.,;0 .583 43,8
16.0 .383 26.7

2.20 4363 28.3
"2./0 .450 .2.513 1.90 .300 19.720 1.50 .2"ý0 15.421 "1110 o450 .12.322 ".40 .400 23.123 3.90 .630 49.224 3.30 .550 40.825 1.40 .233 14.026 '.40 .233 14.027 4100 .117 4,2029 3.10 .517 38.029 1.60 .267 16.9

30 1.40 .233 14.0
31 1.40 .233 14.032 .600 .100 2.8035 1.20 .200 I1.3
34 1.60 .267 16,b
35 i.00 .333 220536 A400 4067 0

CJNi IT t JF r S.: T

Disat. 12 0 4'ate of Sottling 2 x 10-4COMPo61t ia,+n (mm'./,•.e .)
Dry bulb 

490Temp.( F.) (lr .rar)15

Wet Bulb 990 Air Tempora.ur* 95°Tmp.(O F.) (o .

Pelative 100% Rate f F•ow 15Humidity ( ft. 3Qn 01

PatrtJcle 6ize .3(microns) n of Solution 6*0and Fog



J)ArA N) F 4, 4

Number of '.aker •1s. Coullcted a1I./ hr.

1 4.30 .716 9.31
2 4. :0 1113 11-.
3
4 T71M5 3.'0 .617 0
6 1.10 .935 2 .07" 3.30 .T5 22.0
8

10 4.10 .684 6.2511 6.20 1.03 33.1
12 6.10 =1.02 3 *513 430 .968 32.8
14 6.00 1.00 36.015 030.10 1.00 36.0
16 6.00 1.14 43.4I:7.10 1019 !ý.1
13 •. .15 90.019 o 1.30 64.120 

1.19 53.1
21 10. 10.68 100.022 .•0 1 .65 91.0

3.30 1.47 79.824 7.40 1.23 57.925 7.90 1.32 65.6
28 % ro 1.58 90.627 3.?0 0.45 78.128 9.00 1.0) 68.1
29 5.40 1.07 42.130 7.20 1.20 •4.8
31 4.30 1.18 71.932 ;.20 *.. 14 86.033 7.40 1.13 57.9'4 6.30 1.14 48.435 6.40 1.07 42.3
36 6.30 1.15 50.0
37 r.8 1.14 48.A38 .',00 1.15 50.039 C).:0 1.07 42.3
40 .30 .4`85 2*.0

COND If fj:s jF ry.;T

Solution Dist. it 0
Compoaition 2Rate o f ttling 2 x 10

Dry Bulb 990
Temp.(°F.) &ir Pressure 1b

Rot Sz1b 99
,p. (p F.) A~r Temperature 950( .)

Relative Hu'nidi'ty I00•
Rate of Flow 

.15
Particle Site ( et.3/,in.)
(rtcrons) pH or lolution 6.0

and Fog



:•ATA 'N T. T 't 4. UUU VI

11,ibrr of sIr'-sr M1,. Callected 'la./hr.

1 1.50 .300 e.50

2 2.30 .384 ?.15

15 1.10 .,So0.5
4 .100 .133 0

5 .100 .133 0
.3 2 ý • 0 1 .434 11.7

"2.60 .434 11.7
3 1.60 .266 r.19
4 '.1 0 .300 6. 90

1.00 .'I, 1 .30
1.1 3.;0 .6 O 20.1

12 3.40 .iC 16.9
I'l 2. q0 .41.7 1161

14 2.30 .394 9,74
1. S..130 .167 1.30

16 3.30 .S23 19.5
1 t .30 .716 22.7

15 q £.30 .384 3.4

19 .o0 .'83 V.5

20 9.10 .467 13.0

21 i".30 1.3s 45.7

22 ýw.20 1 .44 74.6
23 r.20 1.37 49.1

24 6.30 1.50 3i%7
2 4 n'30 ."67 24.7

26 ,.30 1.22 42.3
27 .00 1.34 46.0
28 3.00 1.34 46.8
23) 13

30 .20 1.20 41.5

32 6.10 '.14 33.0

33 7.00 1.17 40,.5

34 i1.3 i .38 1.
3. S.' 1t.18 4003

36 13.2 2, 0 100.0

37 8.10 1.02 34.4

38 6.40 1,07 36.4
3:) 17.10 1 .02 34,4

49 4.90 .Ii8 26.6

""3lu Doi. 2') Rate of cettling 2 x J12

Go "pos I t' on 0(m./sec.)
Dry 3ulb 99 Air Fresere 15
Temp.(o F.)
Wet B .lb 99 Air rempirature 950
Temp.('F.) (0 F.)

Relative rtumidity 100. Rate, of Flow .15
F-,rticie ý-Ize 13 (f't.•/Rib-.)

( icrons) [PH of Solution 6.0
and For

S- ; , , •' - -.. .. .. . ... , - '"- ",-- - , ', , . , - , - , ,



r A N, rT F, 4 h U11 VT

i •~Nmber of 8*&ý-*r ,l.C•ct ,!s/hr.

1 29.7 1.07 100.0
S2 1/6 .134 52.4

3 10.5 .438 10.6

4 10.9 .454 12.9

S 14.6 .608 34.7

6 10.7 .446 11.8
7
8 T7.T
9 .o30 .398 3. 3

10 12.5 .520 22.4

11 13.ý3 .575 30.0

12 11.2 .467 14.7

13 12.6 .0-25 23.0

14 12.6 .12 23.0
1• 23 0 .9P•0 1.

16 '9.4 .434 i0.0
11 I)09 .454 12.9

13 11 .3 .495 tees.

I' 9.10 .408 6.47

20 9. ,0 .404

21 22.1 .921 '.9

22 1.6 . 2 0

23 2U.9 .854 69.4

24 bi.2 .426 3.84

25 9.90 .415 7.0S
26 1 .650 40.6

27 12,0 .500 19.4

23 1-to .621 35.7

29 ).:30 *3198 3.:
30 9.30 .388 3.53
31 13.0 .541 2 5.2
32 Bulb0 3967 r60
33 4.140 .371 1.'•

34 14.7 .612 39.4
35 10.3 .429 9e40
36 12.1 .1504 20.0

co-r+posi tion A(m ,ie.

Dry Bulb :99° Air Press re 115

T.,,'p.(° F.) ( Ut)a./ in. )

let Bulb +•9° iir ieoperature 950
T "ý•p.(O F,.) (o F'.)

Relative Humndity I00/ Rate of Flow .15

Particle '.Aze 03 Os/A.
pH of 'ýolution 6.0

and F,'or



SA A ,; , 4, 7-:vl.r

Nuill e r of' qa1&kr !TIM. Co1i j Is! -
1 

1.40 
.03

.00.025 (T*:3 1.20 .030 9.3c
4 10.09031.9( .048.600 .020 3*13

7" .600 .015 0
8 !,30 ,032 10.91.70 .042 1 .9 .300 021 t. 210 

140 .020 3.1310 
l.Z10 

33) 9.38
12 

1 
.0,3 12.1S1 2.00 .050 21. q

1.50 
21814 1 .20 " 14.1

.030 
9.381f 

12.0 
.042 17.217 

2.20 
.0551l -. 0 .0-;2 23.4

19 1 .00 6Z2 .20 
1.90 

.041 20.2
21 2.90 .O/0 3W.4
22 2.90 6D 2
23 1,&0 04s0
24 2 ,3 0 ,0 59 i 3.e
24 .40 or

.50 087426 2.30 0087 4;.4
271.00 

26.6
20 .005 31.529'.0.125 

63.8.
32.50 

.J2 2J. 7
31 

2.60 
.08 31.23l 3.40 .097.

32 6.1i0 .013 3 .16 ( } ,33 
2.02 .062.35 
3.20 

.080 40.636 i,40 1.35 75.036,'.0 

.1t 10 l0.O

C )ýMIITTT 
10010'I'•;

Soluti-n Composition 
Dt. •i20 Rate o'•' Ottin• 2 -104

Dry BulbTo',-p.(" F.) 
990 Air krBsre

Not dulb

Air ?Tparature
Relative Hunidtty 

10" 
(0"

. Rato of Ilw 165i

pH of Solution 6.0
and Fog



FA PA )t F' 4~ T"

Nu-'rber of' "eavdr ~ 1cre.C' m1ls. 'hr.

1 1~.1 2.0 8.
2 14.6 1., 72.0

3 14*0 1.8 72.0

4 12.6 1 . 5;.S

5 10.0 1.3 31,.2

6 1 .8 2.0' 81.0

7 12.7 1.6 5/93

8 11.9 1 5 52,2

9 10.7 1.3 4394

10 10.4 1.3 41,2

11 I1.1 2.3 97,8
12 i0,I 1 .35 39.0

13 9.7 1.2 36.0

14 80$3 1 29.4

15 9.1 1.1 31,6

16 18.4 2.3 100.0
11 40 1•, .1 31.6

18 8.6 1.1 27.9

19 1C.4 1.3 41.2

20 •-.0 1.1 30.9

21 1 .5 2.2 93.5

22 A3.0 1.0 23.5

23 6.7 . 90 14.0

24 •.? .7' 6.60

25 3..2 1.0 2-,0

26 16.7 2.1 87.5

27 7.3 .90 19.4

28 C.7 .80 A 1.0

29 4.,3 ."0 0

30 ý.3 .10O 3.7

31 1-3,2 1.9 7MS5

32 1.0 .90 18.2

33 .8 .10 8.1

34 6.2 80 10.in

35 .4 .70 4.4

CONIDTTTONS 0? 7•T

3lut•in conposi tin 20"• WOlI U1lae of SeAlinK 3 x 10

Re lk ive U-n~iiditY l0 Ctir Press r e 14

Splciic ~Gravity 1.10 (Ibs./tn.)

of olution0 o uAr femperature 95

(-'Icrons) pit of Solution 7.2

Ra;,•i3 o f ,'ow ,f g

(S --. )i • '• ..



,. •-bmr ,1f 'i•eaer '• •. Colloeted i,/:,r.

1 A.0 .1.35 70°8

2 9. io .1 13 6112
3X) 73.1

4 :).30 .1'1 i.

6 .'0 .;A .2

't,• O .2,)3 i0.1

8 .21M l00.0

9 '. 0 .!ýJ 41Se

10 .40 .114 34.2

11 0.Q) .146 24,4
1 2 ,7 . 3 0 .1 153 3 1 . '!

13 '.70 181 41e5

14 3,10 .17,'
1, 9.10 .115 -s.8

163 .20 . 1 ý2 '1 .0

17 , .0 ,125 0

18 6.10 .13'

19. r-. 0 .15 1/.

20 C." .0 . 2
2 1 F o •z O . ;2
22 /oJO '1 4 4r.3

23 .60 .'135 3),0
24 :'.20 C '.4l1 '9.0

2$ r. 0 .139 1 '.0
26 ;.30 .!31 .132

27 F. 0 .1,9 1'.0
? '3 '. ,0 1. -' ý ) 4 .4

2d .10 .14q

30 i.iO .1S2

31 1.02 .169 51 2

32 9.10 .1l4 ',3

33 /.30 .1 2 11

34 F. 30 v141 19,4
395t .162 43 .9

36 '.10 .1-18 26.9

,7 9.20 .1 1 •o6

33 9.20 .1 11 r,3.6

3t i.870 .I1I 6.9

110 -3.ý0 .119 83.5

T V; T

C)~li~v iunsildio SaI Rat Giof/sec.) g x10

Air Press&Ire 14

.,peoif'ic "ruvity 1 .1• Ai ( Prss/t, 9.14

of .')lu tion

Air Pe-periA. ire 95

(",icrons)

R! }I4 r of' .ol~it; ;n .
RpAHe of ilow .46nf. ."!- PH of -!o& 7,.2
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TES" NO. 5

7h o>tject 34f V-13 'zl of the I vesL;ý'tiqn Is to
determine the stiuinof wn,3-in of corrosion of steel
p~anels In a salt fa.ý- atmos phere.

Summary

t Zst hais "oeer : at 95*F,, iSIn., a, 21); salt solu-
tl),ta jýetcrrlne the axitojit if corr~sian if steel panels In

t2-,e diff~erent rarts 4ýý ttie t-st -4rcs of the salt spray caZinst.

Introdaction

In tne f~oregoinn tests, ar.1nvLes-t1,ation uas e--In-
die ted- to correlate t'rie an-a-unt of ca-.voslan zfr a st-el pne..
vlt~h tne fojz 1-orsity at pot sition~ In the estinet. Fog;

flsrtbiti npatterns irer- determ-1t-od auid wide varlitlans were
IL~erVedi. 7-h a-7o,.nt jfzrr.'sI~ varied, In general, * ythrsel;
as th~e &-,cunt )f fog callected. All t!-e.7e runs were made -zsing
wa7:er ai;A niot a salt sl--tior. *.A;;ce mos, -of tkie tests uslr1s9
tL-1s cabinet irtý to ;:e !!a-de *71tv *89lt; z-AaLionxs, trie distribin-
tinn flr corrosion In sucý-, ain at .zhr ..... ; &a ch~eck~ed i n
-vaneis -if like -,st'risl L-fo-v c~vu 'jZ.-1o- can ze made. In
seqý:ent r~ans, panel~r~s -T -1lfferý.nt eoTPSIS

.Zanclaslons

Cn te basis 4f t !. e~,it Is evident that th~e
carr~sion rate ax-d distrib-at'l)n are mare even thwn trnoee In
tile f'oregoing lests, ?isiný; distilled water. The elstribution
zaf co-rroslan as rmessnre~j in tUie outlined manner appearl to be

scitn' -ciaative test can be =%de witth dissIriilar test
Pariels and that reasanaule cinclusionz can be drawn regarding
corrosion rates regardless of WS position l Ai the test panell
In the box.



T:.ST NO. 6

Object

The object of this test Is to detormine the cor-
rosive effects of a 20" sodium chloride solution, pH 7.0
at 10°*F, ýn steel, brass, zinc, al=Irirn, cadmi im, nickel
plate, and enameled and phosphated steel.

Summary

A tesL has'been conducted for a period of 200
hours in the salt spray test cablnet to determine the effect
of increasing the temperatuire 5,F abov,, the standard value
of 95OF. Operating conditions were: temperature 1000 F,
207, salt solution at oH 7.0.

Introduc ti on

"The test shtall be conducted with a temperature
in the exposurn, zone maintained at 950 plus 2 or minus 3*F." -

Federal Specification QQ-V-151a. The aaintenaice of the proper
operating temperature slould be an important factor in de-
termining the corrosion rate of metals and protective coat-
ings cecause of the increase Iti reaction rate of most chemical
changes wi iu an Increase in temiperature. In t:,is and subse-
quent tests, the temperature will be varied over the range
of practically encountered temperatures, and its effect on
the corrosion rate detertined.

Procedure

The test was run for 200 hours, using a 20% sodium
chloride solution at pH 7.0. The cumulative weight losses,
,panel ratings and operating conditions are tabulated in
Appendix A and a plot of the cumulative weight losses for
the steel, brass, zinc and cadriim panels comprises Appendix
B.

Discussion

The steel panels lost weight at a fairly consist 3nt
rate, while the brass panels, after an initial loss in two
cases, gainod weight steadily. The zinc panels, although more
irregular in their day to da; weights, showed a net loss in
weight, whereas the cadmium panels attained a practically
steady weight after tke first 24 hours of exposure . The
enameled panels and the sulfuric acid anodized panels showed
little evidence of attack after the 200 hours. The chromic
acid anodized aluminum panels showed definite evidence of

!ii__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



corrosion after 176 hours exý,osure. The nickel plated
steel panels all failed after one hour exposure, three
failing after one-half hour. The phosphatod steel panels
showed no evidence of rusting after one-half hour, but
all failed before one hour in the test cabinet.

Conclusions

u a Thes, data collected dudang tits run will be

used as a measure of th, corrosion rate at lOQ@F, 20O
sodium chloride, pH 7.0.

i'

___
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TEST NO. 7

Object

The object of th*is test and one of the primary

objects of this investigation is to determine the effect
of various physical operating conditions on the corrosion
rates of various materials in a salt spray cabinet.

Introluction

As a basis for comparison this test was run in
accordance with Specification ASTM B117-49T (similar to

QQ-M-I5la) for temperature, air pressure and solution
composition. From results obtained in t:.is test, comparisons

of corrosion resistance can be made when condiLions are
varied.

Conclusions

The test panels, in general, followed the expected

pattern of salt spray resistance. The length of time to

failure for the various materials will LO used as a basis
for comparison with those obtained in subsequent tests.

Procedure

Thirty-six panels, four each of nine different

materials, were used in tais test as summarized below. The

same number and types of panels will be used in the follow-

ing tests:

2 x 3" Steel panels FAE 1030
3 x 9" Brass panels 70% copper, 30o zinc

3 x 9" Zinc panels
2 x 3" Cadmium panels
3 x 10" Aluminum panels, chromic acid anodized

3 x 10" Aluminum panels. sulfuric acid anodized

2 x 3" Phosphated (manoanese) steel panels
3 x 8" Nickel plated (.001") steel panels

4 x 10" Steel panels, phosphated and then coated
with two coats of black enamel as de-
scribed in Part 1 of this report.

The steel, brass and zinc panels were abraded with a 240-grit

Aloxite metal cloth, using an oscillating electric sander.

They were then cleaned with A-1 cleaner, water-rinsed, dried

at 1100 C, cooled and weighed to the nearest tenth of a

milligram.

Difficulty was encountered in attempting to

abrade the cadmium panels due to the -:oft nature of the

metal. These panels were dipped in a 2% hydrochloric acid



solution at room temperature for five minutes and water-
rinsed prior to weighing. The anodized aluminum, phosphated,
nickel plated and enameled panels were placed in the salt
spray box without any additional cleaning operation.

The steel, brass and zinc panels were removed
from the box every 24 hours. They were scrubbed with a
stiff nylon bristle brush under runnift watcr until no more
corrosion product could be removed as indicated by visual
inspection. They were then dried and weighed as before.

Previous experience has shown that the corrosion
products of cadmium adhere tenaciously to the metal and are
not really soluble in water. As a result of tests conducted
and elsewhere described in this report, the cadmium panels
were cleaned by immersion in a 2% sodium cyanide solution
for five minutes at room temperature followed by a water
rinse.

A visual rating system was employed to evaluate
the anodized aluminum, nickel plated steel, phosphated and
enameled panels as described in the ASTM article - "A Visual
System for Ratin& Panels."

Observations were made on the phosphated steel

and nickel plated panels after 1/2, 1, 1-1/2 and 2 hours,

aand all panels were observed every 24 hours. The observa-
tions and weight losses appear in Appendix A.

The box was operated at 95*F and a 20% salt solu-
tion was used. The pH of the solution was adjusted to 7.0.
The operating conditions and physical values mentioned are
also summarized in Appendix A.

The cumulative weight losses were calculated and

plots of these values versus the corresponding days are in
Appendix B. The tests were limited to 200 hours duration
since the data required for evaluation were obtained well
within tnie time limit.

Dis oussion

The steel panels lost weight at a fairly oonstant
rate. The values diverged in increasing amount with in-
creasing time. Variations from a constant rate or corro-
sion can possibly be ascribed to incomplete removal of

corrosion products on individual days.

C , , . . , II I • II



The brass lanels all lost weight during the
first 24 hours and then gained steadily, although not con-
stantly for the remainder of the test. At 120 hours, all
the panels equalled or exceeded the original weight at the
start of the test. The changes in weight were only ap-
proximately one-tenth those for the steel panels, although
the brass panels have 4-1/2 times the surface area of the
steel panels.

The zinc panels lost weight at % relatively
steady rate and were heavily streaked with white corrosion
products, all of which could not be removed by scrubbing.

The enameled panels stood up well, as was to be
expected. Slight rust along the edges and a few rust
spots were noted as shown in detail in Appendix A.

The phosphated steel panels all failed at the
end of 2 hours - one failing at 1 hour and two at 1-1/2
hours.

Conolusions

These test results are to be used as a standard
for comparison when deviations from standard practice are
made.

It



_ýv!)IT,' N RAT111G PANELS*

Rating of 3" x 10" Chromic ½Aid and Sulfinric Acid
AnodIzed Aluminnum Panels

Puumerical Corrosion Corrosi on Corrosion
Rating Dots Lo ts Areas

10 No corrosion No corrosion Nlo corrosion

9 10 5 2.5 small areas

7 20 10 5 small areas

5 40 20 10 small areas

3 F?0 40 20 small areas

1 160 80 40 small areas

0 Complete Corrosion

Rating of 4" x 10" Enameled Panels

10 No corrosion Yo corrosion Yro corrosion

9 15 6 3 sm'all rust areas

7 26 13 6 small rust areas

5 53 26 13 small rust areas

3 213 106 53 shiall rust areas

1 426 213 106 small rust areas

0 Complete Corrosion

Rating of 3" x 8" Nickel-Plated Steel Panels

1 rust spot in 24 square inches constitutes failure.

Rating of Phosphated Steel kanels

First sign of rust constitutes failure.

*Based on "A Visual Rating System for Rusted Steel Specimens" by
Harry L. Faigen. Authorized reprint from the Copyrighted ASTM
Bulletin No. 154 October, 1948.
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Object

The object of this investtgatlon is to develop
an effective mot, od for cleaning cadmiums tevt panels after
their exposure In the salt spray test cabinet.

Stummary

Tests havo been conducted to eiraluato the effec-
tiveness of soaking the cadmium panels in a dilute cyanide
solution as a method for the removal of corrosion products
adhering to the surface of the panels.

Introduction

When cadmium panels wore exposed In the salt spray
cabinet, there was an initial buildup of corros1lon products
on the surface as indicated by a sharp gain in weight during
the first 24 hours of exposure. After that, the weights
remained practically constant on successive days despite
thorough scrubbing with a stiff nylon bristle brush under
running water. This is probably due to the formation of
a film of cadmium oxide on the surfice which adheres tena-
ciously enough so that it cannot be removed by scrubbing.
A dilute solution of sodium cyanide was used to dissolve the
coating, and results -f qi investlg'it' -n of this method are
summarized below.

Pro cedure

Four cadmium :anels were cleaned in 5% hydro-
chloric acid for 5 minutes, rinsed under running water,
dried in a forced air oven at 110C, cooked, and weighed
to the nearest tenth of a milligram. They were exposed to
laboratory air for 24 hours and then immersed in a 2%
solution of sodium cyanide for 5 minutes, rinsed with running
water and dried as before. This process of exposure and
cyanide cleaning was repeated over a poriod of 12 days. A
summary of the individual day to day changes- in weight along
with the average and standard deviation is attached.

Discussion

From the data in the summary, the weight losses

incurred appear to be insignificant especially when com-
pared with the results obtained with cadmium panels and
exposure to salt spray as shown ir. the salt spray tests,
starting with Test No. 7.

Conclusion

The method of cleaning the cadmium panels as
outlined appears to be satisfactory and has been adopted
as a routine procedure.



CADMIUM 4ETGHT LOSSES

Pariol No. 1 2 3 4

Day

1 .0009 .0012 .0008 .0005

2 .1005 .0004 .0007 .0005

3 .'005 no0,00 . )005 .0003

4 +.0003 .')07 . '•0 .0011

5 .106 .0001 .r-01 .0001

6 +.(I010 .0009 +.1008 +.0014

7 .)000 .)001 .0002 .0001

8 . .0001 .0-01 .0005

9 ."002 .0'0O .0001 . 007

10 .0 00 .0003 .1002 .0007

11 .0003 .0000 .0002 .0002

12 .1003 .10O .1000 •0 o04

Average .2)0167 .000317 .100175 .000308

Standard Deviation .000174 .000365 .000364 .000583
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TEST NO. 8

Object

The object of this test is to determine the cor-
rosive effects of a 20" ' soditim chloride solution, pH 7.0
at 70*F on the nine materials described in Test No. 7.

A test has been conducted for a period of 150
hours in the salt spray test cabinet to determine the ef-
fect of decreasing the tez:perature 25OF below the standard
value of 950F. The concentration of the salt solution and
its pH as well as the operating conditions of the box were
-aintainod the same as in Test No. 7.

Introduction

70 0 F approxi-ates room temperoture and, therefore,
the lowest conveniently obtained teiiperaturc for the opera-
tion of a salt spray test cabinet. Corrosion rates at this
temperature obtained in t:•is test will be compared to those
at elevated temperatures.

Procedu'e

A procedur similar to that described in TeE~t No. 7
was followed. The test was li:nited to 150 hours, using a

20% sodium chloride solution at pH 7.0. The cumulative weight
lossos, panel ratings and operating conditions are tabulated
in Appendix A, and a plot of the cumulative weight losses for

the steel, brass, zinc and cadmium panels comprises Appendix
B.

Discussion

The steel panols lost weight consistently. It is
interesting to note that in Tests 6, 7 and 8, the order in
which the pancals lost weight (2, 3, 4, 1) is the same.
This is probably due to their position in the box. (See
plot of positionE given in Appendix B of Test No. 1)

The brass panels lost weight during the first 24

hours and then sained qs has oeen previously experienced.

The zinc panels, however, showed a slight Increase in

weight compared with a marked decline experienced at the

higher temperature.



The cadmium panels lomt consistently and their
weight losses were grouped closol: together.

The enamLeled panels s.,owed little evidence of
corrosion at the end of the 150 hours.

The chromic acid anodized aluminum panels proved
superior to those prepared by the sulfuric acid process,
althoughi t e difference Yms not as great as had been ex-
perienced at higher temperaturts.

Te nickel plated specimens all failed bufor'i 24
hours exposure, and the phosphatnd steel panels failed be-
fore 2 hours.

Conclusions

These data constitute a measure of the corrosion
rate at 70F, 20% sodium chloride, 1,H 7.0. The results will
be used to determine the effect of concentration of salt
solution and temperature on the corrosion rate.
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January 31, 1952

At the suggoesticrn of Arthur 'avarella of
Springfield Armory, we are going to add oxidized steel
panels, prepared by PentratinS, to the series of speci-
mens being tested in the salt spray cabinet. This is
to be done because f the considerable use of oxidized
steel for Ordnance.

Since the salt spray cabinet is being run on a
total of thirty-six panels, and because the box has al-
ready been calibrated, using tnirty-six panels with a
random distribution which has not beeni changed, it
seems desiraole to eliminate one set of specimens.
As the tests on the baked enamel panels are not sig-
nificant in a 200-hr. test period, further test work
on enameled panels is to be eliminated.



TEST NO. 9

Object

The object of this test is to determine the corrosive

effects of a 20% sodium chloride solutionr pH 7.0 at 90*F, on
the nine mnaterials described in Test No. 7.'

Summary

A test has been conducted for a period of 150 hours
in the salt spray test cabinet to determine the effect of de-

creasing the temperature 5*F below the standard value of 95FP.
The concentration of the salt solution and its pH as well as

the operating conditions of thQ box were maintained the same
as in Test No. 7.

Introduction

This test, the fourth of the series, will be used
along with the data from Tests Nos. 6, 7 and 8 to determine
the effect of temperature variation on the rate of corrosion
in a salt spray cabinet.

Procedure

. procedure similar, to that outlined in Test No. 7

was followed and the test was run at 90OF with 20% sodium

chloride soldtion, pH 7.0, for 15n hours. The cumulative
weight losses, panel ratings and operating conditions are
tabulated in Ap:)endix A and a plot of the cumulative weight
losses for the steel, brass,-zinc and cadmium panels comprise
Appendix B.

Discussion

The steel panels lost weight at a fairly consistent

rate and the final order of their losses was the same as was

previously experienced (i.e. 2, 3, 4, 1).

The brass panels, after an initial loss, gained

weight but only two panels exceeded their original weight

in contrast to the more general case where all the final

weights exceed the original weights.

After some initial irregularities, the zinc panels lost

weight steadily.

The cadmium panels lost constantly, and their weight

losses were well grouped together.



The pentrated steel panels all failed before
1-1/? hours, two failing before 1 hour.

The sulphuric acid anodized al•unmnum panels all
failed oul'ore 22 hours, while the aluminum panels anodized
by the chromic acid process failed before 129 hours ex-
posure.

The nickel panels all failed before I hour, two
failing before 1/2-hour.

The phosphated panels all failed before 2 hours

exn'osure in the salt spray cabinet.

Conclusions

The data obtained in tnus ran will be used in con-
junction with those obtained on the three previous tests to
determine the effect of temperature on the corrosion rate in
the salt spray cabinet.

Sii l|
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TEST NO. 10

Object

The object of tiats test is to determine the corro-
sive effects of a 10% sodium chloride solution, pH 7.0 at
95'F on steel, brass, zinc, cadmium, pentrated steel, chromic
and sulpharic acid anodized aluminum, nickel plated steel
and phosphated steel panels.

Summary

A test hias ueen conducted for a period of 150 hours
in the salt spray test cabinet to determine the effect of
decreqsing the concentration of salt in the salt spray solu-
tion from 20% to 10%. The temperature and pH of the solution
were maintained the same as in Test No. 7.

Introduction

In any chemical or electrochemical reaction, the
concentration of the reactants or electrolyte is of obvious
importance. The concentratlon of salt in the salt solution
used in this type of testing should, therefore, have a
ue direct effect on the rate of corrosion. In this test and
in Test No. 11, the concentration of salt will be reduced
and its effect on the corrosion rate observed.

Procedure

A procedure similar to that described in Test No. 7
was followed. The test was run for 150 hours, using a 10%
sodium chloride solution at pH 7.0. The cumulative weight
losses, panel ratings and operating conditions are tabulated
in Appendix A, and a plot of the cumulative weight losses
for the steel, brass, zinc and cadmium pan'als comprises
Appendix b.

Discussion

The steel panels lost weight steadily and the
brass panels, after izitial losses, exceeded their original
weight in three out of four cases.

Mhe zinc and cadmium panels both lost weight
in a manner similar to that previously experienced.

Three of the pentrated steel panels failed before
1/2-hour ex.osure, the other failing before 1 hour.



The aluminum panels anodized by the sul-huric
acid process held up better than those prepared by the
chromic acid process. The sulfuric acid anodized panels
were little affected at the end of 150 hours exposure
while three of the chr,mlc acid aiodlzud panels failed be-
fore 132 hours.

The nickel plated steel panels-a1l failed before

24 hours exposure and the phosphated steel panels all failed
before 1 hour.

Conclusions

These data form a moasujro of tdle corrosion rate at

95 0 F, using a 10% sodium chloride solutiorn, pH 7.0. They

will be used in conjunction with Tests No. 7 and No. 11 to

determine the effect of salt 2oncentrat'on on uhe rate of cor-

rosion.
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TEST NOo 11

Object

The object cf aJs test is to determine the corro-
sIve effocts of a 5c/t, sodium chloride solutfon, PH 7.0 at 950F,
on the nine materials listed in Test 'No. lo.

Summary

A test has been conducted for a period of 15() hoixrs_
In the salt sprqy test cabiriet tQ deto.r:7ilne the effoct of de-
creasing Ule concentration of salt In the solution from 210,7
to 5%. -he temperature and pH were maintained the s&rie as In
Test No.17.

Introduction

This test represents the lowest limit of salt con-

centration and will be used In conjunction with Tests Nr). 7
and No. 10 to determine the effect of concentration of salt In
the solution 3n the rato of corrosion In the salt spray test

cabinet.

Procedure

A procedure similar ti tnat described in Test No* 7

was followed. The test was run for lbO hours, using a 5?' sodlum

chloride solution at PH 7.n. The cumulative weight losses,

panel ratin,ýs and op,.,ratirV. conditions are tribulated In Ao-

pendix A and a plot of the cumulative weight losses for the

steel, brass, zinc and cadmium panels comprises Appendix B.

Discussion

The steel panels lost weight'at a fairly steady

rate with Panel No. I still showing the greaLest loss that

has been experienced on all previ,)us tests of this type.

The brass panels showed no Initial loss and gained

weight steadily, while the zinc and cadmium panels lost 
in

the previously experienced manner.

The pentrated steel panels all stiowed rust at the

end of 1/2-hour's exposure.

The aluminum panels anodized by the sulphurle acid

process showed a superiority over those prepared 
by the

chromic acid process. Three of the sulphuric acid anodized

panels showed no signs of corrosion after 150 hours 
exposure,

while all of the chromic acid 'anodized panels showed evidence

of attack after 110 hours.



The nickol plated steel panuls all failed before
A4 hours expostii, qnd the riiosphated Fteel panels all failed
before 0 hours.

Conclusions

These data constitute a measurm of the corrosion
rate at 95'F. 52• sodium criloride, -H 7.". Those r rults will
be used to determin•e the effect of c-nwentraton of salt in
t1he solution )n the rate of salt Frray c,)rroston.
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T KST NO. 12

Object

The object of thIs t-st is to'determine the cor-
r-osive effects of a 5e sýdlum chloride solution, pH 7.0 at
700F on the va lous types of panels used in this series of
tests.

Summary

A test has been eondji.ted in the salt spray test
cabinet at 70*P, usine a 5% sodium chloride solution, pH
7.0.

Introduction

The information collected in this test, the last
of n series, will be used together with the results from
Tests 6 through 11 to determine the effect of concentration
of salt solution and temperature of operation on the cor-
rosion rate. This test represents ihe lower limits of
temperature and *oncentration that will be. used for com-
parison.

Procedure

A ")rocedure similar to that described in Test
No. 7 was followed. The test was rum for 150 hours, using
a 5% sodium chloride solution at pH 7.0. The temperature of
the box was maintained at 700F. The cumulative weight losses,
panel ratings and operating conditioneare tabulated in
Appendix A and a plot of the cumulative weight losses for
the steel, brass, zinc and cadmium panels comprises Appendix
B.

Discussion

The steel panels lost weight at a reasonably

steady rate and the order of their weight losses was the
same as has been previously experienced.

The brass panels showed no initial loss in weight
and, with minor variations, gain weight consistently.

The zinc panels did not show their usual steady
losa in weight, but instead, after initial losses, tended
to approach a steady weirht value.



The cadmium panels lost weight at a consistent
rate, and the values were closely grouped as usual.

The pentrated panels all failed before 1 hour's
exposure, while both the sulfuric acid and ciromlc acid
anodized aluminum panels showed very little evidence of
attack at the end of the test period of 150 hours.

The nickel plated steel panels all failed before
24 hours, and the phosphated panels failed before 2 hours.

Conclusions

These data constitute a measure of the corrosion
rate at 70F, using 5b salt, p 47.0. The information will
be used in comparisons with previous tests to determine the
effect of temperature and concentration on the corrosion
rate.



.1~oc cO a20 00

8 0005

Ip W I * 1 1
it'

- ,.i.. 0-0 f n,3 0 000 000

001

XI -. .* 0-o 0 0 0 0

f4 ~ 5S ~ 0 0 0 0 0
4- ~ SI -S -.---- -- 5-

8~3~ ~ oooboomo



WMA~DX B



... .. ....... .

.i . . ;

. . ... .. . . .... l.
.. ... . .... i... .... . . ... ,: ,

-. -- _ 
.. .... _ _

-~ ~ F - I-

lj is 40\
S.. . ". : I : ,

7-7T

*...*. , ... . .I. .. . .... . .. . _ _ _

"U -� ... ~M £-4- - -. -

I .. . .. I I. -I 1 ", , , :7 , &4v ;

I-.----'

i: I.. .iz.•uiii 
_ _ -; _ , = ~ ~I . , .



.. . . .. . , . ... . .

m I a 4 i 4,

_ .! .. . .. ----

__ 0 A 10 1__ .. .0.

- - - - - -----

• 1.

..... . . . .. ... ..
IN, 4ý '- - _ , -

r "Is

- t{u77 ,77



TE6T NO. 13

Object

The object of tlis test is to determine the cor-
rosive effects of a 20% sodium ciloride solution, oH 6.0
at 95*F, on the various types of panels .Isd in the pre-
vious tests.

Summary

A tett has been conducted In the salt spray
cabinet at 95OF, using a 20% salt solution with a pH of 6.0
as compared with 7.0 used heretofore.

Introduction

The pH and hence the acidity or alkalinity of the
salt spray solution should haVe a direct bearing on the rate
of corrosion in the test cabinet. This test at pH 6.0, to-
gether with the data to be obtained in Test No. 14 at pH 8.0,
will be used in comearison with 'rest No. 7 to deturmine the
effect of pH on the corrosion rate.

Procedure

A procedure similar to that described in Test No. 7
was followed. The test was run for 150 hours, using a 20%

sodium chloride solution at pH 6.0. The temperature of the
box was maintained at 95(F. The cumulative weight losses,
panel ratings and a summary of the operating conditions are
tabulated in Ap endix A, and a plot of the cumulative weight
losses for the steel, brass, zinc and cadmiut panels com-
prises Appendix B.

Discussion

The steel panels lost at a reasonably consistent
rate, while the brass panels showed wide variations and un-
usually high gains in weihht.

The zinc panels lost at a fairly steady rate, the

weight losses being greater than those usually experienced.
The cadmium panels lostE weight at an even rate in

a manner similar to that prfv~ousl; experienced.

The Dentrated panels all failed before one-half
hour's exposure.



The chromic acid anodized aluminum panels proved
superior to those prepared by the sulfuric acid process. All
the sulfuric acld pari-l s towed signa of attack at 24 hours,
while no appreciable slns of corrosion aop,•;red on the
chr'omic acid panels until 8T hours.

The nit-kel plated steel panels all failed before
2 hours, and the phospha-ed steel panrls all failed before

-1/2 hour .

.onclusions

The cWa cnlncted In t is run constitute a
measure of the corrosion ra-e at 950P with 20, salt solution,
pH 6.0, and will be used to deternmine the effect of pH
variation on the rate )f corruslon in the salt spray cabinet.
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TEST NO. 14

Object

The object of' tA' t'ý;t !s to fetoeritne the cor-
rosive effects of a P, sodiulmr cnloride sol ution, pli 8.0
at 95 0 F, on the var-.-us t pi;s -f parnels used in previous
tests.

Sum.mary

lk toit hqs boee c,)ndu1Ettd in the salt spray
cabinet at 95'F, usinc 1 20> 'odiun chlor'de snlutlon ad-
justed to p11 8.0.

Introduction

This test, the third of a series, will be used
ti supply additional information as to the effect of a
change in pH on the rate of corrosion.

Procedure

A procedure similar to that de:crlbed in Test
No. 7 was followed. The test was run for 150 hours, using
a 20% sodium chloride solution adjusted to oIi 8.0. The
temperature of the box was maintained at 950 F. The cumu-
lative weight losses, panel ratings and a summary of the
operating conditions are tabulated in Aptendix A, and a
plot of the cumulative veieýht losses for the steel, brass,
zinc and cadmium panels comprises kppendix B.

Discussion

The steel panels lost weight steadily and in about
the manner usually experienced. The brass panels, after an
initial loss, gained weight altho•ijh the time necessary to
exceed their orit-inal weight varied widely.

The zinc panels showed high weight losses when
compared with the valiies unliqlly obtained. The cadmium panels
lost weight, although the rate was not as constant as usual.

The pentrated steel panels all failed before 1/2
hour. .ide variations were r'xp~renred in the time for
failure of the anodized alutninum pawels; two of týýose pre-
pared by the sulfuric acid process failing before 24 hours
exposure. The chromic acid anodized aluminum panels failed'
in between 66 to 110 hours exposuire.



The nickel plated steel panels all failed before

2hours as did the phosphated steel panels.

Conc l•sions

The values collected in this test will be used
as a measure of the corrosion rate at 950F, using a 20%
salt solution, pH P.0, and will be used in comparison with
the results from Tests No. 12 and No. 7 to determine the
effect of pH on the corrosion rate.
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TEST NO. 15

Object

The object of this test is to determine the cor-
rosive effects of a spray of substitute ocean water at 95OF
on the various types of panels used in this series of
tests.

Summary

A test has been conducted in the salt spray
cabinet at 950F, using substitute ocean water at pH 8.2.

Introduction

One of the purposes of the salt sp ray test is to
simulate, under accelerated conditions, the effects of
natural outdoor corrosion and, more particularly, the cor-
rosive effects of a marine atmosphere. There have been
questions raised as to whether the salt spray test measures
the resistance to marine atmospheric corrosion. A spray
of sumstitute ocean water has been suggested as a better
simulation of the actual c nditions of exoosure. The
results of tris test and of Test No. 7 will be compared
and these in turn compared to results obtained from actual
exposure tests made in a marine atmosphere.

Procedure

A procedure similar to that outlined in Test
No. 7 was followed. The substitute ocean water was pre-
pared In accordance with direct'ons included in our first
report. The heavy metals mentioned were added. The test
was run for 150 hours at 950F. The cumulative weight
losses, panel ratings and a summary of the operating condi-
tions appear in Appendix A. A plot of the cumulative
weight losses for the steel, brass, zinc and cadmium
panels comprises kppendlx E.

Discussion

The steel panels lost weight at a fairly con-
sistent rate while the brass panels showed no initial loss,
but gained weight steadily.

The zinc panels showed a very slight increase
in weight as compared with the usual losses in weight.

The cadmium panels lost weight steadily, but the
losses were not as great as usual.



The pentrated panels all failed before 1 hour's
exposure. Neither thie chromic acid nor the sulfuric acid
anodized aluminum panels snowea any signs of failure at
the end of the test porlod of 150 hours.

Phe nickel plated steel panels all.failed before
2 hour's expo!-ure, and tn:e phosphated sLeel p9nrels all
failed before 1 hour's exoourbe.

Conclusions

T he infrmaýAlon obtain-id fr,)m tLis tust will be

used as a measur- of the corrosive effects of a spray of
substitute ocean water. Theso rosulte will be compared with
salt spray and rmarine atmosphere corrosion rates.
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TE2$T NOe 16

Object

The object of this test is to determine the
effect of the presence of iodide ions in approciable
quantity in the salt solution used to generate the fog
in salt spray testing.

Summary

4 test has been run at 95*F in the salt spray
test cabinet using a 20% sodium chloride solution, pH 7.0,
with a 0.1% addition of Iodide ion in the form of sodium
iodide. Conditions of oporatlon and types of panels ex-
posed were the same as previously described, the only
difference being the addition of iodide ion.

Introduc tion

Specifications det-idling tho orocedure for salt
tpray testing roquire the use of iodide-free salt. The
effect of another halogen ion besides cihlorine on the rate
of corrosion should ther-efore be dettrmnined from the
standpoint of possible substitution of commercial grades
of plain or iodized salt. Results of tnis test will be
used in comparison with those under the sane operatinC
conditions, using C.F. 20% so !Ium chloride solution.

Procedure

A procedure similar to that outlined in Test ?'o.
7 was followed. The test was run for a period of 150
hours, using a solution composed of 20% sodium chloride
and 0.1% sodium iodide in distilled water, the pH being
adjusted to 7.0. A summary of the operating conditions,
cumulative weight losses and panel ratings are shown in
Apoendix A, while a plot of the cumulative weight losses
of the steel, brass, zinc and cadmium panels comprises
Appendix B.

Discussion

The steel panels lost weight at a fairly steady
rate and no change was noted In the order of the rate of
corrodibility with box position (i.e., 2, 3, 4, 1). The
brass panels, after initial losses, gained weight in the
manner usually experienced.



VI

The zinc uariels and cadmium panels showed steady
losses of a magnitude greater than that generally experi-
enced.

The pentrated steel panelv all failed before
1/2 hour'l ex-o:-ure, while the aluminum panels, anodized
by ooth t:,e ch1rmic and sulphuric acid processes, showed
varied results with littlo possibility of comparlson.

The i:iclel platud steel all failed in between
1-1/2 an! 2 hours exposure.

Three if the phosphated steel panels failed be-
fore 1 hour's exposure, while the other failed before 2
hours.

Conclusion

These data constitute a measure of the corrosion
rate with a 0.",' addition of sodium iodide, and will be
used in comparison Adth the results from Test No. 7 to
determine the effect of iodide ion on the rate of corrosion.

i f
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T-'ST NO. 17

Object

The object (if t is ttost is to determine the
effect of reducing the size of the salt. spray fog particles
on tne rate of corrosion in the salt spray test cabinet.

Summary

A test has been conducted at 95&F using a 20%
salt solution, pH 7.0, and a modified atomizing nozzle so
as to produce a fog of substantially reduced particle size.
The same operating conditions and types of panels were used
qs have been employed in the previous tests, the only
variable from standard conditions being the particle size.

Introducti on

The particle size, although not directly specified
in the description of standard salt spray test requirements,
directly affects the wetness And density of the fog produced
and, ther-fore, should have some bearing on the rate of
corrosion. This test, made with a fog ctreduced particle
size, will be used in comparison with Test No. 7 which re-
pr,:sents the samrn conditions with the exception of a larger
particle size.

Procedure

A procedure similar to that outlined in Test No. 7
was followed. The change in particle size was brought
aboit by a slight increase in diameter of the hole feeding
the salt solution into the air Jeta. The test was conducted
for a poriod of 150 hours at 95 F, using a 20% sodium
chloride solution, pH 7.0. & summary of the operating con-
ditions, cumulative weight losses and panel ratings com-
prises Appendix A while a plot of the cumulative weight
loeses for the steel, brass, zinc and cadmium panels is
found in Appendix B.

Disc'ission

The steel panils lost wei_.ht !n accordance with
their usual pattern. The brass panels, after initial
losses, gained weight steadily and in ev•try case exceeded
their original weight before the end of the test.

The zinc panels lost weight from the beginning
of the test, and the ca4mium panels showed very steady
and closely grouped weight losses.



Three if the pontrated steel panels failed before
1/2 hour, wVile the fourth failed before 1-1/2 hours.

Anocilzed -aluminum panels prep.i, ed by the chromic
acild process s,,owed sup-riority over those prepared by the
sulphuric acid roceso, tu!ree of these failing before 24
hours expo: tire.

The nickel plated steel panels alr failed before
24 hours exposure, and tue phovphated steel prinels all
failed before 1-1/2 hours exposure.

Conclusl ons

Tlesi data constitute a measure of the corrosion
rate at stwadard conditions i,• th a reduced particle size,
and will be used in comparison with Test bo. 7 to determine
the effect of particle size on the rate of corrosion.

fU
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STEST NO. 18

ObJect

The object of tnls test is to determine the effect
of a fog formed by spraying distilled watur on the nine
types of material previ usly used in the £oregoing series
of salt spray tests.

Summary

A test has been conducted at 950F in the salt
spray test cabinet for a period of 150 hours using, as the
test solution, d~stilled water adjusted to pH 7.0.

Introduction

A spray of distilled water has been sugtrested as
a possible substitute for salt spray in accelerated corro-
sion testing. This test, using distilled water, will be used
as a measure of the effectiveness of this method and will
also be used in comparison with the results obtained from
salt spray, humidity, and outdoor exposure tests.

Procedure

The salt spray test cabinet was thoroughly cleaned
with water to remove the salt adhering to the box, and was
rep'atedly rinsed wit•, city water until rinsings showed only
a very slight haze when tested with 0.14 N silver nitrate
solution. The box was then operated with a dt&tilled water
spray for 24 hours and drained before the test panels were
put in. The test panels were prepared and evaluated in the
manner described in Test No. 7. The test was run for a
period of 150 hours, using distilled water with the pH ad-
justed to 7.0. A summary of the operating conditions,
cumulative weight losses and panel ratings Is shown in
kpnendix A while a plot of the cumulative weight losses
for the steel, brass, zinc and cadmium panels comprises
Appendix B.

Di scus sion

Lshe steel panels lost weight at every inspection,

but the rate of loss was not as steady as has been experi-
enced with salt solution.

The brass panels snowed little or no initial loss,
and their weight gains were extremely low and erratic.

t : _ ° . . . -. ...



The zinc panels lost wei.,ht after 24 hours ex-
posure, and the cadmium panels lost weight at a steady
rate and in a closely grouped pattern.

The rtontratei steel -nels all failed before
2 hours exposure, wiIle neither the sulphuric nor the
chromic acid aulodized aliimtnum panels showed any evidence
of attack after the l50-holir test period.

The nickel plated steel panels all failed before
24 hours exposure and the Phosphated steel oanels all
failed before 2 hours ex. osure.

Conclusion

These data constitute a measure of the corrosive
effects if a spray of distilled water and will be evaluated
by comparison with results obtained from salt spray,
humidity and mutdoor city and marine exposure tests.

I.
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7he c~i-1"i"m' panel> lost weight steadily.

Trhe nentm-tei1 steel. p~rtels all failed b~efore

r'%t chroniic ~icid -fvjd~zed aluminumw c~tnels
zýr..ivd s-.iperior tz ~ose un pakred by theý acApjhuric, acid

The nickel plhtf-d stool panels all felled be-
fore 24 hours ex~io& ure and te steel -ý?nels t~efor'e
2 h~r's.

Coneluaions

"Niza data cmýst'tate a me~asure of the corrosi~n
rate at. 95F usInZ a 20" solitw, chloride solution, AH
7.D, and sill be uzed in cona,-Ivon with Test !No. - to
det~er-lne the reproducluility of one particular salt spray
test.
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TEST NO. 20

Object

The object of this test is to determine the effect
of the angle of exposure in a salt spray test on the rate
of corrosion.

A test has been run at 950F with 20% sodium chloride
solution, pH 7.0, and steel panels. The panels were held at
every 10 degrees of rotation through a full circle, only one

1 side being exposed to the salt spray. In addition, panels
were exposed at 150 from the vertical.

Introduction

What constitutes a significant surface in salt
spray testing has been variously described and, in some
cases, reference is made to a certain angle of exposure
(e.g. 150 from vertical for phosphate finishes and 6 for
anodized aluminum). This test, then, is an attempt to
measure the dependency of the rate of corrosion on the
angle of exposure and also the effect of the direction of
the flow of fog on the rate of corrosion.

Procedure

Forty 2" x 3" low carbon steel panels were
abraded with a 240 grit Aloxite cloth, and one side of each
panel covered with Scotch brand No. 33 electrical tape to
protect from corrosion. The panels were then cleaned in
A-1 cleaner solution, water rinsed, dried and weighed to
the nearest tenth of a milligram. Twenty polystyrene holders
were made, each with two milled slots at the desired angle
of exposure. Two panels were placed back to back with the
unprotected sides out in each rack. A photograph of the
assembled holders with and without the panels is shown in
Appendix C.

Panel, were held in such a manner as to expose
one panel at every 100 of rotation through a full circle.
Additional holders were used to expose panels at 15° from
the vertical. Panels were so placed that the axis around
which the panels were rotated was at right angles to the
direction of the principal flow of fog in the box. The
panels were placed in the box so that no one holder
shihlded another and each was exposed directly to the fog.
A summary of the operating conditions appears in Appendix
A.

p A



The test was run for a period of 24 hours, after
which the panels were removed from the box, scrubbed with a
nylon bristle brush under running water, dried and reweighed
to the nearest tenth of a milligram.

Weight losses were then computed and are shown in
Appendix A. A plotaf these weight losses versus the angle of
exposure comprises Appendix B.

Discussion

Results show a clear dependency of rate of corro-
@lon on the angle of exposure and on the position of the
panels with respect to the principal direction of flow of
fog. The angle of exposure is more critical and has a
pronounced effect on the rate of corrosion. Corrosion on
the underside was of a different character than that on
the upper side of the panel. Corrosion on the underside
was characterized by a dark, finer-grained, adherent
cover of rust that is not readily removed by scrubbing.
Weight gains rather than losses were, therefore, ex erienced.Corrosion products on the upper surfaces were of a Coareer"

nature and lighter in color. They were easily removed by
scrubbing, resulting in weight losses.

Corrosion increased to a maximum on the upper
surface at an angle of approximately 30* from the vertical.
Corrosion on the underside showed a minimum at the hori-
zontal.

The smaller nature of the fourth quadrant of the
graph as compared with the first is an indication of the
dependency of the rate of corrosion on the position of the
panel in the box relative to the principal direction of
flow of fog. Panels with their principal surface exposed
to the horizontal as well as vertical impingement of salt
fog particles are subject to greater corrosion than those
whose principal surface is shielded from the horizontal

component.

Conolusion.

These data constitute a measure of the dependency
of the rate of corrosion on the angle of exposure and its
relationship to the direction of the principal flow of fog
in the test cabinet. They show the importance of proper
consideration of the angle of exposure in salt spray testing.

__ _ __ _ _ __ _ _ __ _ _;- .
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TEST NUM1BER I CORROSION RATES AT 95 F., EV. q'DTU1J CH{L)RTDR, pH 7.0

VAPTABLE - Angle of Exposure L-NGTH OF TEST - 24 hoursS~~:tATERTAL - ,t. eol

ANGpj, X TUMSURE 'TGHT LOSS -grams

00 -. 0171
100 -. 0398
20P -. 0387s00 -. 0448

40 -. 0443
sop -.0488
600 -. 0475
70° -. 0513
750 -. 0462

80P -.0357900 .0084

100° .0136
lOd° .0205
1100 .)164
1200 .0107
1300 .0184

j 1400 .0134
1500 .0161
1600 .0238
1700 .0046
1800 .009

S190o .018
2000 .0116
2100 .0152
2200 .0241
2300 .0167
2400 .0132
2500 .0161
2600 .01411
2700 .0236
2800 -. 0261/
2850 -. 0267
2900 -. 0301
300° -. 0301
3100 -. 0361
3200 -. 0371
330 -. 04,17

S3400 -. 0346
3500 -. 0289

COTDITIE8 OF TFST

Solutia Composition 20S IaCi pH of Solution
Dry 3ulb Teip.(° F.) 95 pH of Fog 7.0
•Vet Bulb Temp.(° F.) 950 Rate of 'og
Relative Humidity 100% Colleotion&1u.Ar.) 1.0

Particle Size .5 Impurities in Salt
R oronf) 4 x 10 SolutionRate of Settling 01. Assay
(Mu1./bec.) 2. br and I
Air PressVre 11.5 3. Aeavy Metal a
(lbe./in. ) 3peoifio 'iravl t --
Room Temp.(0 F.) 950 or saluttin 1.150
Rate of Flow .46 Volme of S31ution
(ft. 3hin.) in Reasrvolr 5 &&l,

___,___,____.____________- . j
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Tr.ST NO. 21

Ob ect

The object of this test is to determine the ef-
fect of a substantial reduction of the surface tension of
the test solution on the rate (f corrosion in the salt
spray method of accelerated corrosion testing.

Summarl

A test has been conducted at 95*F, using a 20%
sodium chloride solution, pH 7.0, for a period of 150 ,ours
in the salt spray test cabinet. The surface tension of the
solution used to generate the fog was reduced to approxi-
mately half its usual value by the addition of an organic
wetting agent.

Introduction

The surface tension of a liquid is a measure of
its cohesive nature. Liquids with high surface tensions
tend to form droplets on a surface rather than an evenly
distributed film as liquids of lower surface tension would.
The surface tension of the salt spray test solution, there-
fore, is of primary importance in determining the "wettabiliti
of the solution and should directly affect the rate of cor-
rosion. The results of this test will be compared with those
of Tests No. 7 and No. 19 to determine the effect of surface
tension on the rare of corrosion.

Procedure

A procedure similar to that outlined in Test No. 7
was followed. The test was run for a period of 150 hours at
95oF, using a 20', sodium ciloride solution, pH 7.0. The sur-
face tension was lowered from a normal value of 64 dyne. per

Scentimeter to 37 dynes per centimeter by the addition of a
water solution of Aerosol OT wetting agent (manufactured byS American Cyanamid Corp.) Surface tensions were measured
with a stalagmometer at 25 0 C. A summary of the operating
conditions, cumulative weight losses and panel ratings appears
in Appendix A while a plot of the cumulative weight losses
for the steel, brass, zinc and cadmium panels comprises
Appendix B.

Discusaion

The steel panels lost weight at a reasonably
steady rate and the weight losses showed their usual dependency
on a position in the box.



The brass panels, after initial losses, gained
weight mteadily as has been previously experienced.

The zinc panels showed unusually high weight
losses, while the cadmium panels lost weight at a steady
rate in a closely grouped pattern.

The pentrated steel pasnels all failed before
1 hour's exposure, three falling before 1/2 hour.

The aluminum panels anodized by the chromic acid
process showed a definite superiority over tCose prepared
by the sulphuric acid process. The sulphuric acid panels
all failed before 24 hours, while at the end of 66 hours,
none of the chromic acid panels stiowed ri,-ns of attack.

The nickel plated steel panels all failed before
5 hours, one panel failing at the end bf 1-1/2 hours.
The phosphated steel panels all failed before 1-1/2 hours
exposure.

Conclusions

These data constitute a measure of the corrosion
rate, using a test solution of lowered surface tension and
will be compared with the r:sults from Tests No. 7 and No.
19 to evaluate its effect on the various types of panels
used in this series of tests.

I~I.
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TEST NO. 22

Object

The object of this tost is to determine the
corrosive effects of a marine atmosphere on the various
types of test panels used in the salt spray. investiga-
tion.

Summary

An )utdoor test has been conducted at Westbrook,
Connecticut on the steel, brass, zinc, cadmium, pentrated,
steel, anodized aluminum, nickel plated steel and phosphated
steel panels used in the foregoing series of salt spray
tests. This test in a marine atmosphere will be used in
comparison with exposure tests made in an industrial at-
mosphere as well as salt)spray and humidity tests.

Introduction

A frequent and possibly well grounded criticism
of the salt spray test is that it does not duplicate actual
conditions of exposure in service. Furthermore, it has been
stated that comparisons between salt spray rrsults and
marine exposure tests show less correlation than with re-
sults of exposure tests made in non-marine atmospheres.
The type of corrosion is said to be different in each case
as evidenced by a different character of products obtained
in the corrosion of nickel plated steel panels. This test,
therefore, is an attempt to measure the possible agree-
ments and disagreements between salt spray and marine ex-
posure tests.

Procedure

A full set of thirty-six panels, four each of the
nine different types, were cleaned and prepared according

4 to methods described in Test No. 7. A special rack was
constructed so as to Incline the panels at an angle of 300
from the vertical. The panels were supported on both top
and bottom by slotted racks which were securely fastened
to prevent removal by sudden gusts of wind. The whole
assembly was secured to the roof by sandbags. The panels
were so situated that their major surface was parallel to
the shore and exposed in a general southerly direction.
This test was conducted at Westbrook, Connecticut and the
panels were approximately 150 feet from high water.

A sumuary of observations and times of exposure
are shown in Ap,'endix A.



The steel, brass, zinc and cadmium panels were
cleanod according to the usual meithods after 1,032 hours
exposure and reweighed. The weight losses computed also
appear in Appendix A.

Discussion

The observations made at the vorious times
throughout the test are self-explanatory$ It is Interest-
ing to note, however, the somewhat apparent superiority
of the anodized aluminum panels over those prepared by the
sulphuric acid process.

The total weight losses after 1,032 hours ex-
posure for the cadmium panels are of the same order as
those obtained in the first 24 hours of salt spray exposure.
This would indicate the inertness and tenaciousness of the
protective oxide film that forms.

The verj sllght weight changes of the brass
panels also srLow the protective nature of the initial
corrosion products.

Conclusions

These data are a measure of the corrosive ef-
foots of a marine atmosphere, and will be used in comparison
with outdoor exposure tests in an industrial atmosphere
and salt spray tests to determine any possible correlation
between the three.
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TEST NO. 23

Object

The object of this test is to determine the cor-
rosive effect of an industrial atmosphem on the various
types of panels used in tnis series of tests and to corre-
late, if possible, the results obtained with those from
salt spray, humidity and marine exposure ýests.

_1ummary

A test has been conducted for a period of 1,190
hours on the roof of the Henry Soutber Engineering Co., on
the steel, brass, sine, cadmium,,enameled steel, anodized
aluminum, nickel plated steel and phosphated stool panels
used in tnis series of tests. Periodic observations were
made and weight losses for the steel, brass, zinc and
cadmium panels computed.

Introduction

Outdoor exposure tests have ahown wide variance
when compared with th.' results of salt spray tests on
similar materials. For the purpose of comparison with re-
sults of other types of corrosion tests, this test is an
attempt to measure the corrosive effects of an industrial
atmospherp.

Procedure

The thirty-six panels used in the foregoing
series of tests were prepared and cleaned according to
methods outlined in Test No. 7. They were placed in a
specially constructed rack and securely held at both top
and bottom by adjustable nails. The panels were inclined
at an angle of 3 0e from the vertical and the principal
surface of the panel was directed toward the south. The
whole assembly was held on the roof by sand bags. The
test rack was located about 50 feet from an exhaust hood
which discharges a variety of fumes, many of an acidic
nature. The test was run for a p nrod of 1,190 hours.
Observations made during this time appear in Appendix A
as well as the weight losses of the steel, brass, zinc
and cadmium panels, determined at the end of the test.

Discussion

The periodic observations of the panels a& self-
explanatory. The same standards of failure were used as
in the salt spray tests.



The chromio acid anodized aluminum panels showed
a definite superiority over those prepared by the sulphuric
acid process.

The greater weight losses experienced for the
steel, brass, zinc and cadmium panels when compared with
the results obtained from the marine exposure test could be
due to the corrosive nature of the fumes from the adjacent
exhaust fan.

Conclusions

The results obtained in this test will be used as
a measure of the corrosiveness of an industrial atmosphere
for the purpose of comparison with results obtained from
other types of corrosion tests herein described.
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TEST NO. 24

Object

The object of this test is to determine the
effects of humidity cabinet exposure on the steel, brass,
zinc, cadmium, pentrated steel, anodized aluminum,
nickel plated steel and phosphated steel panels used in
the foregoing series of salt spray and outdoor exposure
tests.

Summary

(ij A test has been conducted in the humidity
cabinet for a period of 976 hours at 100*F and a relative
humidity of 95%. Weight losses were measured and panels
rated according to tho same system as used in the salt
spray tests.

Introduction

Humidity cabinet exposure tests would be a
possible substitution for salt spray as a method of
accelerated corrosion testing. The effect of a humid
atmosphere on the various types of panels used in this
series of tests should be determined in order that possible
comparisons might be made between this method and salt
spray and outdoor exposure testa.

Procedure

The thirty-six panels used in this s'ries of
tests were prepared according to methods outlined in
Test No. 7. Details of construction of the humidity
cabinet appear in Phase II of this rJport. A special
wood rack was constructed to support the individual panel
holders. The panels were placed in the box in a random
distribution as shown in Appendix A. The temperature was
maintained at IO1F and the relative humidity adjusted to
a minimum value of 95%. The test was conducted for a
period of 976 hours during which time daily observations
were made and weight losses determined. A summary of
these observations and weight losses for the steel, brass,
zinc and cadmium appears in Appendix B, while a plot of
these weight losses comprises Appendix C.

Discussion

The steel panels lost weight in a rather ir-
regular pattern although the overall picture is one of
a steady weight loss. Corrosion products obtained were
of the same character as those in outdoor exposure tests

Ai .' . N.'4 ,•. , ,



or those experienced on the underside of panels in salt
spray teats| that is, the products were dark, fine-grained
and difficult to remove by scrubbing.

The brass panels gained weight in a highly ir-
regular day to day variation. The general tendency was
an approach to a constant value in excess of the original
weight.

The zinc panels gained weight steadily and in a
fairly closely grouped pattern. The tendency again was to

C approach a steady value that is in excess of the original
weight.

The cadmium panels showed the largest weight
losses which was probably due to the fact that this was the
only series of panels in which complete removal of the
corrosion products could be accomplished (i.e. cyanide
cleaning).

The pentrated steel panels all failed before
24 hours Vxposure.

The sulphuric acid anodized aluminum panels
proved superior to those prepared by the chromic aaid
process. The sulphuric acid panels snowed no signs of
failure at the end of the test (976 hours), while three of
the chromic acid anodized panels failed after 576 hours
exposure.

The nickel plated steel panels all failed before
72 hours exposure as did the phosphated steel panels.

Conclusions

These data constitute a measure of the corrosive
effects of a humid atmosphere on the test panels under
observation and will be used in comparison with the re-
sults from salt spray and outdoor exposure tests to
evaluate the effectiveness of humidity cabinet exposure
as a method of accelerated corrosion testing.
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